Hodgkin 's disease and non-Hodgkin 's lymphoma often involve the head and neck region, and many clinical articles have been published on head and neck lymphomas [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . However, to our knowledge there are no thorough radiologic evaluations of head and neck lymphomas , particularly ones that emphasize CT findings. In this paper , we report our analysis of the CT finding s of untreated head and neck lymphomas in 68 patients to establish CT pattern s and to correlate them with histopathologic and staging classifications.
Materials and Methods
Between October 1981 and July 1986, 68 untreated patients with a diagnosis of lymphoma in volving th e head and neck region were referred to the Department of Diagnostic Radiology at the Uni versi ty of Texas M. D. Anderson Hospital and Tumor Institute at Houston for CT ev aluation of tumor exten t in the head and neck. The CT studies were performed with a GE 8800, GE 9800, Siemens Somatom 2, or Siemens DR -3 scanner after an IV bolus injection of contrast medium (either 300 ml of 30% iodine or 150 ml of 60% iodine). Consecutive 4-or 5-mm-thick axial images were obtained routinely from the sphenoid sinus to the angle of the mandible, and sections 8 or 10 mm th ick from there to the sternal notch . For those patients with lesions suspected in the orbit or paranasal sinuses , both direct coronal and axial 4-or 5-mm-thick images were obtained.
Nodal and extranodal lesions were confirmed by pathologic studies . The histopathologic classification of these 68 patients was made according to the Rye classification 1151 for Hodgkin's disease and the working formulation classification [16] for non-Hodgkin 's lymphoma. The Ann Arbor staging classification [17] was used for both Hodgkin 's and nonHodgkin's lymphomas after a complete staging workup, which included chest radiography , chest CT in selected cases , lymphangiography and/or CT of the abdomen , and bone-marrow biopsy. Eighteen patients had Hodgkin 's disease and 50 had nonHodgkin 's lymphoma (Table 1) .
Results

CT Patterns
Four CT patterns of head and neck lymphomas were identified (Table 2) .
In Hodgkin's disease, six were type 1 A, nine were 1 B , and three were 3A. In non-Hodgkin 's lymphoma , five were type 1 A, two were 1 B, five were 2A, 20 were 2B , eight were 3A, seven were 3B, two were 4A , and one was 4B (Table 3) .
Histopathologic correlation.-In Hodgkin 's disease, the mixed-cellularity subgroup was observed most often (nine of 18 patients) , followed by the nodular sclerosis subtype. Nodal involvement occurred in all 18 cases . Among these , three patients presented with additional extranodal lesions in Waldeyer's ring (type 3A): one in the nasopharynx , one in the tonsil , and one at multiple sites) . No cases were observed of isolated extranodal presentation (type 2) .
Twenty-seven (54%) of 50 non-Hodgkin 's patients had diffuse large-cell lymphomas. The predominant feature was extranodal presentation, 25 (50% ) without (type 2) and 15 (30%) with (type 3) nodal involvement. Isolated nodal involvement (type 1) was observed in only seven (14%) of 50 cases . The most common single CT pattern was type 2B , occurring in 20 patients (40%). The most common sites of extranodal involvement were Waldeyer' s ring, the paranasal sinuses , and the nasal cavity (Table 4 ). Waldeyer's ring involvement in nonHodgkin 's lymphoma was found at more than one site in eight of 13 patients and was associated with nodal disease in eight of 13. Conversely , 12 of 13 patients whose disease involved the paranasal sinuses and nasal cavity were free of nodal involvement. Note.-CT pattern s are defined in Table 2 . In non-Hodgkin 's lym phoma, most (15) of the 23 involved nodes also measured less than 2 cm. However, in seven (30%) of 23 cases the largest node was more than 5 cm; of these , six had extracapsu lar and three had nodal necrosis ( Fig. 2) . Of interest, in three cases very large nodes were present (greater than 10 cm in the largest) , but none showed evidence of central necrosis (Fig. 3) . As in Hodgkin's disease the deep lymphatic chai n was always involved in cases in which non-Hodgkin 's lymphoma appeared in the neck lymph nodes unil aterally (13 of 23) or bilaterally (10 of 23). However, the superfi cial lymphatic chains were involved in ni ne (39%) of 23 patients because associated disease was common at extralymphatic sites such as the cheek or thyroid gland. Extranoda / involvement (Table 4 ) .-Waldeyer's ring was the site at which extranodal disease occurred most often in head and neck lymphomas (Fig. 4) . In our series there were th ree in Hodgkin's disease and 16 in non-Hodgkin's lymphoma, and the disease often infi ltrated more than one site within the ring. However, in several cases isolated lesions were found in the nasopharynx or tonsil. None of the Waldeyer's-ri ng lesions had associated destruction of the base of the skull.
All the extranodal lymphomas outside the Waldeyer's ring (extralymphatic) were in non-Hodgkin 's lymphoma , predominantly the diffuse large-cell subgroup ( Table 3 ). The paranasal sinuses and nasal cavity were the sites at which extralymphatic disease was found most often (Fig. 5) . Minimal adjacent bone destruction was seen in nine of 13 cases. Tumor calcification occurred in only one case , appearing in the ethmoid sinus with extensive bone destruction and intracranial extension (Fig. 6) .
All four cases of thyroid lymphoma in our series had a preced ing history of goiter with a hi stologic background of chronic lymphocytic thyroiditis detected microscopically. All of these lymphomas were aggressively infiltrating the adjacent aerodigestive tract and had extensive nodal involvement (Fig .  7) . The cheek lesions , either originating in sk in or buccal submucosa , extended into the maxillary sinu s or nasal cavity , 8 and C, Extensive infiltrative lymphoma (arrows) of diffuse, small, noncleaved subtype (non-Burkitt' s) in 4-year-old boy originates from right maxillary sinus and has extensive bone destruction. There is direct extension into right orbit, temporal fossa , infratemporal fossa , and right nasal cavity. with bone destruction in three of seven patients. Three patients had multifocal extranodal disease, all from diffuse, largecell lymphomas (Fig . 8) .
Discussion
The malignant lymphomas are a heterogeneous group of solid Iymphoreticular neoplasms . Hodgkin 's disease is a subgroup of lymphomas that originate from cells of the monocyte-histiocyte series , and it accounts for 25% of all malignant lymphomas [18] . The other lymphomas are grouped together as non-Hodgkin 's lymphomas.
One of the most common initial presentations of Hodgkin 's disease is painless lymph-node enlargement in the head and neck region . Hodgkin 's disease spreads in a predictable fashion from one lymph-node group to the next contiguous group by lymphatic channels [19] . Extranodal presentation of Hodgkin 's disease is rare , even with nodal involvement. Conversely , non-Hodgkin 's lymphoma frequently involves extranodal structures in the head and neck region , which is the second most common site of extranodal lymphoma after the gastroenterologic tract [7 , 11 -13] . More than half of the patients with extranodal head and neck lymphomas present with disease localized to the site of origin , and less often associated with nodal involvement [1] . The extranodal sites most frequently involved are Waldeyer's ring , the parana sal sinuses, and the nasal cavity . The histologic subtypes are usually intermediate or high-grade, particularly diffuse, largecell lymphomas [1, 3, 10, 14] .
When neck nodes are involved in either Hodgkin's or nonHodgkin's lymphoma, the disease spreads into multiple nodes. Whether the nodal involvement is unilateral or bilateral , the deep lymphatic chain s are almost always involved , particularly the internal jugular chain . The middle and lower jugular nodes are often diseased when lymphomas present in the nodal pattern (type 1). Isolated lymphomatous involvement of the superior internal jugular chain or superficial nodes is unusual ; thi s is in contrast to the carcinomatous nodal involvement of unknown primary site. The size of the involved lymph node can be quite variable , with larger ones more than 10 cm in diameter and smaller ones less than 5 mm. Frequently, multiple nodes of varying sizes are involved . Sometimes they are elliptical in shape , although a rounded appearance is most common . It is of interest to note that nodal necrosis was found in only one (5%) of our 18 patients with Hodgkin's disease and three (13%) with non-Hodgkin 's lymphoma, even when the disease was extensive. Since necrosis is prevalent in carcinomatous nodes , its absence may warrant a prebiopsy diagnosis .
The extranodal lesions in Waldeyer's ring can be isolated by their appearance, which resembles squamous carcinoma; however, more often there are multiple sites of involvement within the ring . Rarely does nasopharyngeal lymphoma present with skull-base destruction , even with extensive involvement. This is in contrast to the frequent bone destruction seen with squamous carcinoma. The extralymphatic lesions in the paranasal sinus and oral cavity can be small or extensive and often are associated with sinus obstruction. This observation is nonspecific, and these lesions are indistinguishable from other slow-growing neoplasms. Tumor calcification , previously unreported , was observed in one of our cases , and its cause is undetermined.
Thyroid lymphoma tends to diffusely infiltrate the adjacent soft tissue, including the aerodigestive tract , and is often accompanied by extensive nodal involvement. As mentioned [20 , 21] , all four cases in our series had associated chronic lymphocytic thyroiditis histologically, suggesting a strong relationship between the two. Lymphoma originating from the cheek , either in the skin or buccal submucosa, tends to extend regionally into the nasal cavity , maxillary sinus , and orbit, and is often associated with bone destruction. Again , this finding mimics that of other slow-growing neoplasms .
In summary , the extranodal presentation of head and neck lymphoma is nonspecific and indistinguishable from the more commonly occurring carcinoma . However, multiple sites of involvement within or outside Waldeyer's ring , without or with nodal disease, should alert radiologists to the possible diagnosis of a Iymphoreticular neoplasm .
Treatment of both Hodgkin 's and non-Hodgkin 's lymphoma is based on the histologic classification and anatomic staging of disease, the latter of which has been influenced by modern diagnostic imaging. The diagnosis and management of head and neck lymphoma, in particular non-Hodgkin 's, often varies with the site of extranodal disease. The precise definition of the anatomic extent of disease is critical to effective treatment when radiotherapy is used alone. Therefore , the decision to obtain a CT scan should be made according to the histologic classification and clinical involvement of disease [22] . It is the practice in our institute not to obtain a CT scan of the head and neck routinely unless the findings will dictate the treatment planning of the lymphoma. Generally, nodal lymphoma does not require a CT evaluation. A CT scan of the head and neck is needed for identifying a possible extranodal primary site when there are isolated superficial nodes positive for lymphoma. Waldeyer's-ring lymphoma may require a CT scan for evaluation of exact tumor extent for radiotherapeutic portal definition. A CT evaluation is definitely desired in extranodal extralymphatic lymphomas for diagnosis and staging purposes as well as for determining radiation portals ,
